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Descripti n 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

The present invention relates to the structure of a 
multiple quantum well (referred to as MOW hereinafter) 
semiconductor laser, and more particularly to the struc- 
ture of a long wavelength MQW semiconductor laser io 
having InP as the substrate, and used as a light source 
for optical communication or the like. 

Description of the Prior Art 

Research and development on the semiconductor 
lasers employing MQW in the active layer are being pu r- 
sued vigorously since they can bring about marked im- 
provement of the laser characteristics, and numerous 
papers have been published in recent years. 20 

Figure 6(a) is a schematic perspective view of a 
conventional 1 .48 jam band MQW semiconductor laser 
chip disclosed in IEEE Photonics Technology Letters, 
Vol. 3, pp. 415-417, 1991, and Figure 6(b) is a band di- 
agram of its active layer part. 25 

In the figures, 201 is an n-lnP substrate, 202 is an 
MQW active layer, 203 is a p-lnP clad layer, 204 is a p- 
InP block layer, 205 is an n-lnP block layer, 206 is a p- 
InP burying layer, 207 is a p + -lnGaAsP cap layer, and 
208 are electrodes. This semiconductor laser has a bur- 30 
ied structure called double-channel planar bu ried heter- 
ostructure (DC-PBH), and its active layer has a width of 
1.6 urn In addition, 211 is a 1.15 \xm composition In- 
GaAsP optical waveguide layer, 212 is a 1.15 um com- 
position InGaAsP barrier layer, 213 is an InGaAs quan- 35 
turn well layer. 214 is a 1.15 u,m composition InGaAsP 
optical waveguide layer on the p side. 

Here, the number of quantum well layers is set to 
be two to seven. Figure 6(b) shows the 5 layer case. 
The thickness of the quantum well layer is 4 nm, the *o 
thickness of the barrier layer is 1 3 nm, and the thickness 
of the waveguide layer combining the quantum well lay- 
ers, the barrier layers and the optical waveguide layers 
is 200 nm. With the above constitution, when the 
number of quantum well layers is changed from two to 45 
seven, the internal absorption loss changes from 5 to 
10 cm* 1 , but the internal differential quantum efficiency 
remains at a low level of 60 to 70 % or so. In this exam- 
ple, the energy difference (referred to as 5Ev hereinaf- 
ter) between the first quantum level of the heavy hole of so 
the quantum well and the top of the valence band of the 
barrier layer is about 180 meV, and the energy differ- 
ence (referred to as 6Ec hereinafter) between the first 
quantum level of the electron of the quantum well and 
the bottom of the conduction band of the barrier layer is ss 
about 80 meV. 

In a semiconductor laser having a structure in which 
carriers are injected into the quantum well layers from 



the direction traversing the quantum well layers and the 
barrier layers, it is conjectured that the internal differen- 
tial quantum efficiency shows a small value because of 
the occurrence of a nonuniform injection of the holes 
when 5Ev has such a large value as 180 meV. Further, 
when the number of quantum well layers is such a small 
value as two, the optical confinement factor is small so 
that even though the internal loss may be as small as 5 
cm-1, the gain also becomes low. This results in an in- 
crease in the lasing threshold when one forms a laser 
with short cavity resonators. 

In the design of an MQW semiconductor laser, there 
are an extremely large number of parameters such as 
the quantum well composition, the lattice distortion of 
the quantum well, the thickness of the quantum well lay- 
er, the number of the quantum well layers and the barrier 
layer composition, etc. Accordingly, to optimize the 
quantum well structure for a'certatn lasing frequency, it 
is necessary to repeat experimenting in a trial and error 
fashion which gives rise to a problem that an enormous 
amount of labor and cost are required, and that the re- 
search and development has to be extended over a long 
period of time. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide 
a structural condition necessary to improve the overall 
performance of a long wavelength MQW laser, and 
thereby develop an MQW semiconductor laser with ex- 
cellent characteristics in a short time with less labor. 

In order to attain the above object in a long wave- 
length MQW semiconductor laser using InP as the sub- 
strate, this invention, as defined in Claim 1 , provides an 
MQW semiconductor laser which is characterized in that 
the energy difference between the first quantum level of 
the hole in the quantum well and the top of the valence 
band in the barrier layer is smaller than or equal to 160 
meV, the energy difference between the first quantum 
level of the electron in the quantum well and the bottom 
of the conduction band in the barrier layer is greater than 
or equal to 30 meV, and the optical confinement factor 
to the quantum well lies in the range from 0.01 to 0.07. 

In the long wavelength MQW semiconductor laser 
according to this invention, the energy difference 5Ev 
between the first quantum level of the hole in the quan- 
tum well and the top of the valence band in the barrier 
layer is less than or equal to 160 meV, so that it is pos- 
sible to suppress the deterioration of the internal differ- 
ential quantum efficiency due to nonuniform injection of 
the carriers that is found in a laser structure in which the 
carriers are injected into the quantum well layers from 
the direction traversing the quantum well layers and the 
barrier layers. 

Moreover, since the energy difference 5Ec between 
the first quantum level of the electron in the quantum 
well and the bottom of the conduction band in the barrier 
layer is more than or equal to 30 meV, it is possible to 
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suppress the overflow of the electrons into the barrier 
layer, and suppress the increase of the internal absorp- 
tion loss. 

Furthermore, since the optical confinement factor 
to the quantum well layer in this invention is arranged to s 
lie in the range from 0.01 to 0.07, it is possible to sup- 
press the increase of the threshold caused by insuffi- 
cient gain, and restrain the increase in the threshold and 
the deterioration of the slope efficiency caused by the 
internal absorption loss. 10 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advan- 
tages of this invention will become more apparent with *5 
reference to the following detailed description taken in 
conjunction with the accompanying drawings, wherein; 

Figure 1 is an energy band diagram of the active 
layer region of a semiconductor laser according to so 
the first embodiment of the invention; 
Figure 2 is an energy band diagram of the active 
layer region of a semiconductor laser according to 
the second embodiment of the invention; 
Figure 3 is a graph plotting the correlation between 25 
6Ev and the internal differential quantum efficiency 
of a Fabry-Perot type MOW semiconductor lasers; 
Figure 4 is a graph plotting the correlation between 
5Ec and the internal absorption loss ocj of the Fabry- 
Perot type MQW semiconductor lasers; 30 
Figure 5 is a graph showing the dependence of the 
internal absorption loss 04 on the optical confine- 
ment factor for samples with substantially equal 6Ev 
and 6Ec; 

Figure 6(a) is a schematic perspective view of a 35 
conventional 1 .48 pm and MQW semiconductor la- 
ser according to the prior art; and 
Figure 6(b) is an energy band diagram of the active 
layer region of a conventional 1 .48 ujn band MQW 
semiconductor laser according to the prior art. 40 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Next referring to the drawings, the embodiments of 45 
this invention will be described. 

Figure 1 is a band structure diagram in the active 
layer of a 1.55 ujti band MQW semiconductor laser 
which is the first embodiment of this invention. In the 
figure, 101 is a p-lnP clad layer, 102 and 109 are 1.13 so 
u.m composition InGaAsP optical waveguide layers, 1 04 
are 1.2 \im composition InGaAsP barrier layers, 103, 
105, 106, 107 and 108 are 1.7 jim composition strained 
InGaAsP quantum well layers as counted from the p 
side, 110 is an n-lnP clad layer, 121 is the first quantum ss 
level of the electron and 122 is the first quantum level 
of the hole. Further, in the figure, Egb is the band gap 
energy of the barrier layer, Egw is the band gap energy 



of the quantum well layer, Egl is the energy converted 
value of the Easing wavelength, Ee is the quantization 
energy of the first quantum level of the electron, Ehh is 
the quantization energy of the first quantum level of the 
hole, 5Ec is the energy difference between the first 
quantum level of the electron and the bottom of the con- 
duction band of the barrier layer, and 5Ev is the energy 
difference between the first quantum level of the hole 
and the top of the valence band of the barrier layer. 

The number of the quantum wells was set to be five 
in this embodiment. As the method for forming extreme- 
ly thin semiconductor layers such as the quantum well 
layers and the barrier layers, metal-organic chemical va- 
por deposition (MOCVD) method was employed. Fol- 
lowing that, a semiconductor laser having a DC-PBH 
type buried structure as shown in Figure 6(a) was 
formed by employing, for example, photolithography 
and liquid phase epitaxial growth method. 

In this embodiment, SEv, 8Ec and the optical con- 
finement factor to the quantum well layer are 147.6 me V, 
63.1 meV and 0.01 3, respectively 

Referring to the drawings, the operating principles 
of the invention will be described in detail in what follows. 
First of all, it is to be noted here that the first quantum 
levels 1 21 and 1 22 of the electron and the hole, respec- 
tively, can be determined arbitrarily by the choice of the 
quantum well layer composition, the quantum well layer 
thickness and the barrier layer composition, and as a 
result, the lasing wavelength can also be matched to a 
desired wavelength. 

Now, there has been pointed out that the higher bar- 
rier layer height of the quantum well is preferred since 
a larger barrier layer height against the hole has such 
merits as a larger differential gain, a larger relaxation 
oscillation frequency and the like (IEEE Journal of 
Quantum Electronics, Vol. 29, pp. 885-895, 1993). 

However, when the structure of the laser is such that 
the carriers are injected into the quantum well layers 
from the direction traversing the quantum well layers 
and the barrier layers, an increase in the height of the 
barrier layer has a demerit in that SEv is inevitably in- 
creased and the internal differential quantum efficiency 
is lowered. Figure 3 is a graph plotting the correlation 
between SEv and the internal differential quantum effi- 
ciency by taking them on the abscissa and ordinate, re- 
spectively. The samples used are Fabry-Perot lasers of 
1 .3 u/n band (O mark), 1 .48 u.m band (dmark) and 1 .55 
jim band (A mark) (the same marks used in Figure 4 
and Figure 5 that follow represent the same wave- 
lengths as in this figure). 

It can be seen that regardless of the lasing wave- 
length band the internal differential quantum efficiency 
drops sharply in the region where 5Ev exceeds 160 
meV. This is considered to be due to the fact that as SEv 
gets large, once the holes, which have high effective 
masses, are injected into the quantum layers 103 and 
105 nearer, the p side, it becomes difficult for them to 
get out of the quantum layers, and this decreases the 
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number of holes that are injected into the quantum lay- 
ers 107 and 108 on the n side, resulting in a state of 
nonuniform injection. This effect becomes conspicuous 
when the number of the quantum layers becomes large. 
According to this invention, it is possible to restrain the 
deterioration of the internal differential quantum efficien- 
cy, and hence it is possible to suppress the fall of the 
slope efficiency which is an important characteristic of 
the semiconductor laser. 

On the other hand, the thickness of the quantum 
well layer is desirable to be small since the smaller the 
thickness, the more marked the quantum effect is and 
hence higher the gain. However, as the thickness of the 
quantum well layer is decreased, 5Ec becomes small 
and the electrons overflow out of the quantum well and 
are distributed over the optical waveguide layers or the 
barrier layers, so that the loss in the optical waveguide 
layers and the barrier layers becomes large in us in- 
creasing the internal absorption loss. In Figure 4 is 
shown the correlation between 5Ec and the internal ab- 
sorption loss ctj of the MQW Fabry-Perot semiconductor 
lasers. Here, the number of the quantum well layers is 
five for all samples. It is clear that the internal absorption 
loss is increased when 5Ec is less than 30 meV. Since 
5Ec is set to be higher than or equal to 30 meV in this 
invention, it is possible to hinder the increase in the in- 
ternal absorption loss and prevent the threshold current, 
which is one of the important characteristics of the sem- 
iconductor laser, from being increased. 

Further, in the MQW semiconductor laser, the gain 
and the internal absorption loss are proportional to the 
optical confinement factor to the quantum well layer. 
When the gain is small, the threshold is increased be- 
cause more carriers are needed for lasing oscillation. 
On the other hand, even if the gain is large, when the 
internal absorption loss is large, there is still some gain 
needed to overcome the internal absorption loss, which 
causes increase in the threshold and deteriorates the 
slope efficiency. Accordingly, there exists an optimum 
range of the optical confinement factor in order to make 
low threshold and high slope efficiency compatible. 

Figure 5 is a graph showing the depencence of the 
internal absorption loss on the optical confinement fac- 
tor for samples with substantially equal parameters such 
as 5Ev and 5Ec. The internal absorption loss increases 
with the increase of the optical confinement factor. How- 
ever, as the optical confinement factor becomes smaller 
than 0.01 the internal absorption loss is suddenly in- 
creased for all wavelengths. Since the gain is also de- 
creased further in the range where the optical confine- 
ment factor is less than 0.01 , the increase the threshold 
becomes more intense. In this invention the increase in 
the internal absorption loss is restrained and the in- 
crease in the threshold is suppressed. 

Moreover, since the internal absorption loss of the 
InGaAsP bulk active layer of the 1.55 urn band, where 
the internal absorption loss is the highest, lies in the 
range from 20 to 30 cnr 1 , it is necessary to have the 



internal absorption loss less than 20 cm* 1 in order to ap- 
preciate the effect of application of the quantum layers. 
For this reason, the optical confinement factor is set to 
be smaller than 0.07 in this invention. 

5 Since, in the first embodiment, 6Ev is set at a small 
value of 147.6 meV, as shown in Figure 3, it lies outside 
the range which gives rise to an adverse effect of the 
nonuniform injection of the carriers, and the internal dif- 
ferential quantum efficiency attains a high value of 88%. 

10 In contrast to the case of the conventional MQW semi- 
conductor laser of lasing wavelength 1 .55 um using in- 
GaAs for the quantum well layers and 1 .13 ujti compo- 
sition InGaAsP for the barrier layers, where 6Ev is about 
200 meV, and as a result, the internal differential quan- 

15 turn efficiency is about 67%, the result of this embodi- 
ment can be said to be representing a remarkable im- 
provement. 

Moreover, since Ec was set to 63 meV and the op- 
tical confinement factor was given a small value of 

20 o.01 3, it was possible to suppress the internal absorp- 
tion loss to a low value of 8.7 cm' 1 1 unlike 1 0 cm* 1 in the 
conventional case. 

A measurement of the pulse height-output charac- 
teristic using the first embodiment in which the cavity 

25 length is 900 urn and 6 - 90 % AR coating and HR coat- 
ings are given on the facets, produced a light output of 
340 mW for the drive current of 1A. This represents a 
light output of about 1 .9 times as high as the conven- 
tional value. 

30 Moreover, this embodiment employs a DC-PBH so 
that a pnpn thyristor formed in the current blocking struc- 
ture will not be turned on even in the state of high current 
injection, and a satisfactory high output characteristic 
can be obtained. 

3S Next, the second embodiment of this invention will 
be described. Figure 2 is a band structure diagram of 
the active layer region of a 1.3 ujti band-MQW distrib- 
uted feedback type semiconductor laser according to 
this embodiment. In the figure, 11 is an InP substrate, 

40 and 12 is a 1.05 ujti composition InGaAsP optical 
waveguide layer. Diffraction gratings are formed on the 
substrate 11, and are buried with the InGaAsP optical 
waveguide layer 12. Reference numeral 13 is an n-lnP 
spacer layer, 14 and 17 are 1.13 ujti composition In- 

45 GaAsP optical waveguide layers, 1 5 is a 1 . 1 3 ujti com- 
position InGaAsP barrier layer, 16 is a 1 .42 ujti compo- 
sition strained InGaAsP quantium well layer, 18 is a 1 .05 
ujn composition InGaAsP optical waveguide layer and 
19 is ap-lnPclad layer. 

50 The height and the pitch of the diffraction gratings 
are 25 nm and 202.7 nm, respectively. The thickness of 
each layer is as follows. The thicknesses of the 1 .05 ujti 
composition InGaAsP optical waveguide layers on the 
n side (12) and on the p side (18) are 40 and 50 nm, 

55 respectively, those of the 1.13 ujti composition InGaAsP 
optical waveguide layers on the n side (14) and on the 
p side (17) are 20 and 10 nm, respectively, and that of 
the 1.13 ujti composition InGaAsP barrier layer 15 is 5 
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nm, that of the 1 .42 urn composition strained InGaAsP 
quantum well layer 16 is 4.2 nm and that of the p-lnP 
clad layer 1 9 is 0.7 um The number of the quantum well 
layers was set to be 1 2. In this embodiment, interference 
exposure method and wet etching were employed in the s 
formation of the gratings. The formation method of the 
MOW structure and the buried structure for this embod- 
iment are the same as in the first embodiment. 

In this embodiment, the values of SEv and 5Ec were 
110 and 40 meV, respectively, and the optical confine- 10 
ment factor was 0.066%. 

In this embodiment, the internal differential quan- 
tum efficiency is excellent in spite of the large number 
12 of the quantum well layers because of the small SEv 
value, 1 1 0 meV. Moreover, overflow of the electrons into *s 
the barrier layers is suppressed and an unwanted in- 
crease in the internal absorption loss is restrained be- 
cause of the value of 40 rneV for 5Ec. Furthermore, an 
increase in the threshold did not take place in spite of 
the large value 0.066 of the optical confinement coeffi- so 
cient because of an extremely large value of the gain. 

When the resonator is formed to have a length of 
300 ujti, and AR coating and HR coating of 1% - 70% 
are given to the facets, in this embodiment, the threshold 
at 25°C was a small value of 1 1 mA, and it was possible 2S 
to suppress the threshold to an extremely small value 
of 29 mA even at 85°C. Since a DC-PBH structure is 
also employed in the second embodiment, it is possible 
to keep the potential difference of the p-n junction of the 
pnpn current blocking layer at a large value even at high 30 
temperatures, and therefore it is considered that an ex- 
cellent high temperature characteristics is obtained. 

Although the preferred embodiments have been de- 
scribed in the above, this invention is not limited to these 
embodiments, and various modifications of the dis- 35 
closed embodiments are possible within the true scope 
of the invention. Furthermore, the embodiments have 
been described in conjunction with Fabry-Perot lasers 
and uniformly diffraction grated distributed feedback 
type semiconductor lasers, but the invention is also ap- 40 
plicable to single axis mode lasers such as A/4 shift dis- 
tributed feedback lasers and distributed Bragg reflector 
lasers. 

As has been described in the above, the MOW sem- 
iconductor laser according to this invention has the en- 4S 
ergy cifference 5Ev between the first quantum level of 
the hole in the quantum well and the top of the valence 
band in the barrier layer to be less than or equal to 160 
meV, the energy difference 5Ec between the first quan- 
tum level of the electron in the quantum well and the so 
bottom of the conduction band in the barrier layer to be 
greater than or equal to 30 me V, and the optical confine- 
ment factor to the quantum well layer to be in the range 
from 0.01 to 0.07. Therefore, it is possible to suppress 
the degradation in the internal differential quantum effi- ss 
ciency due to nonuniform injection of the carriers which 
is generated in a laser having structures in which the 
carriers are injected into the quantum well layers from 



the laminar growth direction of the quantum well layers 
and the barrier layers, and it is possible to suppress the 
increase of the internal absorption loss by restraining 
the overflow of the electrons into the barrier layers. Fur- 
thermore, it is possible to suppress the increase in the 
threshold caused by the insufficient gain, and suppress 
the increase in the threshold and the deterioration in the 
slope efficiency caused by the internal absorption loss. 

In this way, according to this invention it is possible 
to develop a long wavelength MOW semiconductor la- 
ser having a low threshold and comprehensively en- 
hanced characteristics such as the internal differential 
quantum efficiency and slope efficiency, with less labor 
and in a short time by designing the device so as to sat- 
isfy the conditions mentioned in the above. 



uiaims 

1 . A multiple quantum well semiconductor laser using 
InP as a substrate and having an active layer with 

a multiple quantum well structure; 
characterised in that said multiple quantum well 
structure has an energy difference between the 
first quantum level of the hole in a quantum well 
layer (16; 103, 105, 106, 107, 108) and the top 
of the valence band in a barrier layer (1 5; 1 04) 
which is smaller than or equal to 160 meV, 
an energy difference between the first quantum 
level of the electron in said quantum well layer 
(16; 103, 105, 106, 107, 108) and the bottom 
of the conduction band in said barrier layer (1 5; 
104) which is larger than or equal to 30 meV. 
and 

an optical confinement factor to said quantum 
well layer in the range from 0.01 to 0.07. 

2. The multiple quantum well semiconductor laser as 
claimed in claim 1 , wherein the quantum well layers 
(16; 103, 105, 106, 107, 108) of the multiple quan- 
tum well structure are composed of strained In- 
GaAsP material. 

3. The multiple quantum well semiconductor laser as 
claimed in claim 1, wherein said laser is of the re- 
fractive index waveguide type having a current 
blocking layer and the carriers are injected into the 
quantum well layers of the multiple quantum well 
structure from the direction traversing the quantum 
well layers and the corresponding barrier layers (1 5; 
104). 

4. The multiple quantum well semiconductor laser as 
claimed in claim 1, wherein said active layer is 
formed in mesa stripe form on a first conductivity 
type InP substrate and the top surface and the side 
faces of said active layer are surrounded by a sec- 
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ond conductivity type InP layer. 

5. The multiple quantum well semiconductor laser as 
claimed in claim 1, wherein wavelength selection 
means is formed along a cavity direction. s 

6. The multiple quantum well semiconductor laser as 
claimed in claim 3, wherein said quantum well lay- 
ers are composed of strained InGaAsP material. 

w 

7. The multiple quantum well semiconductor laser as 
claimed in claim 4, wherein said quantum well lay- 
ers are composed of strained InGaAsP material. 



4. Multi-Quanten-Well-Halbleiterlaser nach Anspruch 
1, 

bei dem die aktive Schicht in Mesa-Stripe-Form aut 
einem InP-Substrat eines ersten Leitfahigkeitstyps 
ausgebildet ist, und wobei die oberste Oberflache 
und die Seitenflachen der aktiven Schicht von einer 
InP-Schicht eines zweiten Leitfahigkeitstyps umge- 
ben sind. 

5. Multi-Quanten-Well-Halbleiterlaser nach Anspruch 
1, 

bei dem das Wellenlangenauswahlmittel entlang ei- 
ner Hohlraumrichtung ausgebildet ist. 



8. The multiple quantum well semiconductor laser as 
claimed in claim 5, wherein said quantum well lay- 
ers are composed of strained InGaAsP material. 



Patentanspruche 

1. Multi-Quantum-Well-Halbleiterlaser, der InP als 
Substrat verwendet und eine aktive Schicht mit: 
einer Multi-Quanten-Well-Struktur hat; 
dadurch gekennzeichnet, daG die Multi-Quanten- 
Weil-Struktur aufweist eine Energiedifferenz zwi- 
schen dem ersten Quantenpegel fur ein Loch in der 
Quanten-Well-Schicht(16; 103, 105, 106, 107, 108) 
und dem obersten Valenzband in einer Barrieren- 
schicht (15, 104), die kleiner oder gleich 160 meV 
ist, 



15 6. Multi-Quanten-Well-Halbleiterlaser nach Anspruch 
3, 

bei dem die Quanten-Well-Schichten aus einem ge- 
spannten (strained) InGaAsP-Material zusammen- 
gesetzt sind. 

20 

7. Multi-Quanten-Well-Halbleiterlaser nach Anspruch 
4, 

bei dem dieQuanten-Well-Schichten aus gespann- 
tem (strained) InGaAsP-Material zusammenge- 
25 setzt sind. 

8. Multi-Quanten-Well-Halbleiterlaser nach Anspruch 
5, 

bei dem die Quanten-Well-Schichten aus gespann- 
30 tern (strained) InGaAsP-Material zusammenge- 
setzt sind. 



eine Energiedifferenz zwischen dem ersten 
Quantenpegel fur ein Elektron in der Quanten- 
Well-Schicht (16, 103, 105, 106, 107, 108) und 35 
dem Grund des Leitungsbandes in der Barrie- 
renschicht (15, 104), die groGer oder gleich 30 
meV ist, und 

einen optischen Begrenzungsfaktor fur die 
Quanten-Well-Schicht im Bereich von 0,01 bis *o 
0,07. 

2. Multi-Qanten-Well-Halbleiterlaser nach Anspruch 
1, 

bei dem die Quanten-Well-Schichten (16, 103, 105, « 
106, 107, 108) derMulti-Quanten-Well-Strukturaus 
gespanntem (strained) InGaAsP-Material zusam- 
mengesetzt sind. 

3. Multi-Quanten-Well-Halbleiteriaser nach Anspruch so 
1, 

bei dem der Laser vom Brechungsindexwellenlei- 
tertyp ist, der eine Stromabblockschicht hat, und die 
Ladungstrager in die Quanten-Well-Schichten der 
Multi-Quanten-Well-Struktur aus der Richtung, die ss 
die Quanten-Well-Schichten und die zugehorigen 
Barrierenschichten (15, 104) kreuzt, integriert wer- 
den. 



Revendications 

1. Laser a semi-conducteur a puits quantiques multi- 
ples, utilisant du InP en tant que substrat, et ayant 
una couch e active a structure de puits quantiques 
multiples ; 

caracterise en ce que ladite structure a puits 
quantiques multiples pr6sente une difference 
d'energie, entre le premier niveau quantique du trou 
dans unecouche de puits quantique (16 ; 103, 105, 
106, 107, 108) et le haut de la bande de valence 
dans une couche de barriere (15 ; 104), qui est in- 
ferieure ou 6gale a 160 meV, 

une difference d'Snergie, entre le premier ni- 
veau quantique de (Electron dans ladite cou- 
che de puits quantique (16 ; 103, 105, 106, 107, 
108) et le bas de la bande de conduction dans 
ladite couche de barriere (15 ; 104), qui est su- 
perieure ou 6gale a 30 meV, et 
un facteur de confinement optique a ladite cou- 
che de puits quantique dans le domaine allant 
de0,01 a 0,07. 

2. Laser a semi-conducteur a puits quantiques multi- 
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pies selon la revendication 1 , dans fequet les cou- 
ches de puits quantiques (16 ; 103, 105, 106, 107, 
108) de la structure a puits quantiques multiples 
sont composees d'un materiau InGaAsP contraint. 

5 

Laser a semi-conducteur a puits quantiques multi- 
ples selon la revendication 1 , dans lequei ledit laser 
est du type guide d'ondes a indice de refraction, 
ayant une couche de btocage de courant, et dans 
lequei les porteurs de charge sont injectes dans les to 
couches de puits quantiques de la structure a puits 
quantiques multiples, a parti r de ta direction traver- 
sal les couches de puits quantiques et les couches 
de barriere (15 ; 104) correspondantes. 

15 

Laser a semi-conducteur a puits quantiques multi- 
ples selon la revendication 1, dans lequei iadite 
couche active est formes cn ruban mesa sur un 
substrat en InP ayant un premier type de conducti- 
vity et la surface sup£rieure et les faces laterales 20 
de Iadite couche active sont entourees par une cou- 
che en InP ayant un second type de conductivity. 

Laser a semi-conducteur a puits quantiques multi- 
ples selon la revendication 1 , dans lequei un moyen 25 
de selection de longueur d'onde est forme le long 
d'une direction de cavite\ 

Laser a semi-conducteur a puits quantiques multi- 
ples selon la revendication 3, dans lequei lesdites 30 
couches de puits quantiques sont composees d'un 
materiau InGaAsP contraint. 

Laser a semi-conducteur a puits quantiques multi- 
ples selon la revendication 4, dans lequei lesdites 35 
couches de puits quantiques sont composees d'un 
materiau InGaAsP contraint. 

Laser a semi-conducteur a puits quantiques multi- 
ples selon la revendication 5, dans lequei lesdites 40 
couches de puits quantiques sont composees d'un 
materiau InGaAsP contraint 
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FIG. 6(a) 
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FIG. 6(b) 
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